Abstract Our research team developed a new, heel support-based static and vibrating complementary treatment method for the prevention of flexion contractures often arising after total knee arthroplasty. We examined the efficiency of the method performing a randomized clinical trial with 144 patients undergoing total knee replacement. Seventy-nine patients were treated for 1 week with a generally used continuous passive motion (CPM) device complemented with our new method, which was based on the application of a static and an alternating heel support. The 65 patients in the control group were treated with only a CPM device as in usual clinical practice. The femorotibial angle was measured immediately following surgery, and after 1 week of treatment. At the end of the 1 week treatment, the target extension angle (0°± 5°) was achieved by significantly more patients with the new combined method. This way the elevated heel rest and the vibrating device proved to be a good adjunct treatment along with the CPM used in routine clinical practice in the first place for the prevention of flexion contractures.
Introduction
One of the main goals of rehabilitation following knee operations, mainly total knee arthroplasty (TKA) is to achieve the maximal range of motion by the time the patient is discharged from the hospital, but this is not always possible [1] [2] [3] . The main problem is usually flexion contracture which can lead to further complications (instability, patella-femoral overload, fatigue) [4, 5] . The problem with even a slight flexion contracture is that the patient is unable to stand without muscular tension. This way the muscular tightening is added to the load originating from the body weight and beside the articular overload the standing posture is tiring this way. The muscular defence due to pain in the early post-operative stage can explain the early onset of flexion contracture. Important degrees of range of motion loss can cause severe harm to function. If this pathology is sustained for a longer period, then contracture will also occur in the static stabilizers and this situation will lead to arthrogenic contracture which can often only be solved by further surgery [6] .
The main goal of the post-operative treatment is to decrease pain and achieve early mobilization. The most widespread device for mobilization works on the so-called continuous passive motion (CPM) principle developed by Salter [7] (Fig. 1) . This device moves the knee joint with a predetermined frequency, amplitude and time programmed by the physiotherapist while supporting the entire lower limb.
The literature dealing with the CPM procedure is not clear-cut [8, 9] . In our practice, we regularly realize difficulties with the adequate support of the lower limb, the efficiency to solve flexion contractures, and the control of the true actual position of the knee.
While the CPM devices unarguably have a major role in increasing flexion, their effect on achieving complete extension is less clear-cut. Realizing this, our research team developed a device aimed at maintaining complete extension. The principle of action is very simple: the operated lower limb is supported at the level of the heel in a manner where the patella faces upward and the transverse axis of the knee is horizontal. The supported heel is shaken Fig. 1 Knee rehabilitation device working on the CPM principle Fig. 2 The elevated heel vibrating device in the vertical direction with a predetermined adjustable amplitude and frequency, through this with the aid of gravity and inertness the posterior surface of the knee will stretch. The series of stimuli slowly but surely will result in the stretching of the posterior components, resulting in a flexion contracture release.
The idea is based on one of our patients own experience a few decades ago. After a knee sprain he received a slightly flexed plaster cast for 5 weeks. Following cast removal, he had a persistent flexion contracture and physiotherapy was not effective. The patient was lost for follow-up after several weeks of unsuccessful conservative treatment. Then, a few months later, he came to our outpatient clinic with complete extension. When asked about his recovery, he explained that he was drummer in an old boys band and despite his knee problem he started playing with them again. Then, it was realized that rhythmic pedalling with extended knee solved his knee contracture.
Taking this mechanism, we developed a device based on this principle to treat flexion contractures. This device is meant to be an adjunct with the CPM devices and based on our experience can be successfully used to prevent the development of flexion contractures. The extended use of this vibration treatment can cause discomfort for the patient, so the rehabilitation protocol consists of the additional use of the above device and an elevated heel rest. The heel rest extends the leg in a static manner by supporting the heel in such a manner, that the knee axis is maintained horizontally, while the vibrating device has a dynamic effect by support in the previous manner and performs vibrating motion on the knee [10] . ig. 4 The measurement of the femoro-tibial angle in full extension using the posterior edge of the tibia and the anterior edge of the femur. In this case, we measured 1.6°flexion
Materials and methods
The principle of the vibrating device is that in the supine position with the limb raised and only supported through the heel along with the up and down motion allows the knee to extend not only through its own weight but due to acceleration produced by the vibration, which results in stretching of the soft tissues around the knee and decreases the development of flexion contracture. The device is operated with a palmtop and an amplitude lever. The amplitude value can be set between 0.5-3 cm by the lever and the timing and speed with the aid of the palmtop software (Fig. 2) .
The other part of the treatment set is a heel rest made of hard sponge that is used to support the heel. The most important function of the heel rest-besides supporting the lower limb-is that it does not allow external rotation this way it assures the sagittal position of the knee (Fig. 3) .
To test our rehabilitation principle and devices, we performed randomized clinical trials with the authorization of the Institutional Ethics Committee (complying with the ethics approval of our universities Regional and Institutional Ethics Committee, RKEB/IKEB-Prot. No. 2789-2008) on 144 patients. The inclusion criteria were primary TKA. Exclusion criteria included patients with rheumatoid arthritis, previous knee surgery, infection, revision TKA or disagreement of the patient to participate. Flexion and extension angles were measured before and after the operation and during the trials.
During the clinical test, we compared the degree of extension achieved during the post-operative hospital stay (7 days average) with the use of CPM (Kinetec, Patterson Medical, Charleville-Mézières, France), the heel rest and heel vibrating device (experimental group) with that of routine CPM rehabilitation alone (control group). Of course, both groups received the same physiotherapy exercises as well. The patients were selected to one group or the other in a randomized manner based on random number generation with uniform distribution: 16383 random numbers were generated between 0 and 1 and sorted randomly; then, each patient was assigned to a number from the list in the order of the operation, and if the number was under 0.5, she or he was selected to the control group. The statistical package Stata (Stata R11, StataCorp, College Station, USA) was used for data handling and analysis. Table 1 shows the preoperative data of flexion contractures for the two groups.
In the clinical trials, all patients received the usual CPM device and manual physiotherapy and those patients that were randomized into the experimental group received treatment with the heel vibrating device for 10 min a day with a 2-cm amplitude and 2 Hz frequency and had to use the heel rest for at least 1 h a day. The parameters of the treatments were determined by a pilot study and based on the average tolerance of the patients.
The degree of extension was determined at the end of treatment based on lateral X-rays with a computer-based method [11, 12] . The X-rays were taken in the supine position in full extension achievable using the heel rest to prevent rotation. During the angle measurements based on anatomical points, we determined the axis of the thigh and the shin then measured the angle between them to receive the knee extension angle [12] [13] [14] (Fig. 4) .
In order to eliminate the subjectivity of the measurements pertaining to where the lines for the axes are drawn, each measurement was repeated twice by two different surgeons, and we used the average values of the three measurements.
Results
The femoro-tibial angles measured at the end of the 1 week period for the CPM (control) group and for the patients receiving adjunct treatment with the heel rest and vibrating device can be seen in Figs. 5 and 6 .
The most important statistical results are summarized in Table 2 . During the evaluation we compared the measured femoro-tibial angles. Next to the ideal 0°we considered a ±5°range as acceptable.
Based on the statistical evaluation with a 5 % significance level using a one-sided, two-sample proportion test the null hypothesis was that at the time of discharge both groups will have about the same amount of patients with 0°± 5°extension angle was rejected (sig. = 0.0355). It means that there is a significant difference between the two rehabilitation methods: there are more patients in the acceptable range who received treatment with CPM, heel 
Discussion
Based on the results it can be concluded that the use of the adjunct treatment with our heel rest and heel vibrating device in the immediate post-operative rehabilitation period following total knee replacement significantly reduces the incidence of early flexion problems, therefore its use is justified. The results of this study would be complemented with another measurement when the heel support and CPM would be used in both groups of patients and the only difference between groups would be the heel vibrating device.
